Introduction: In recent years, flow mediated dilatation (FMD) has become a popular technique in cardiovascular medicine. HOMA-IR was accepted to determine the insulin sensitivity as a valuable standard. In this study, we evaluated the association between HOMA-IR (homeostasis model assessment of insulin resistance) and vascular endothelial dysfunction, as assessed by endotheliumdependent flow-mediated dilatation (FMD) and nitroglycerin-mediated dilatation (NMD), in type 2 Diabetic (DM) patients. Material and Methods: Eighty four (84) consecutive out-patients were enrolled. HOMA-IR was calculated as fasting insulin (µU/ml) multiplied by fasting plasma glucose (FPG) (mg/dl) and divided by 405. The ultrasound method for measuring FMD and NMD has been used. Out of 84 patients, 42 patients were in control group and 42 patients were in diabetic group, which were further subdivided into two groups based on HOMA-IR > 3.0 and above was considered as Group I and HOMA IR < 3.0 and below was considered as Group II. Fasting Plasma Glucose (mmol/dl) (7.74 ± 2.56, 6.81 ± 1.9, p < 0.001) and Fasting Insulin (µU/dl) (13.26 ± 8.09, 6.65 ± 2.36, p < 0.001) were statistically significant in Group I. The baseline mean FMD in controls and cases (Group I and Group II) was 15.36 ± 9.56, 4.15 ± 2.29, 12.21 ± 6.24 (p < 0.001) respectively. By logistic regression analysis the factors which were effective on FMD percentage change (<5.5%) in Group I were BMI (p < 0.02), plasma Insulin (p < 0.04) and triglycerides (p < 0.02). There was a negative co-relation for FMD, NMD and HOMA-IR. Discussion: We conclude that increased HOMA-IR in hyperglycaemic patients is associated with severe endothelial dysfunction which is the marker of the atherosclerosis. Thus the measurement of endothelial vasomotor function which is a comprehensive analysis of atherosclerotic burden may provide a better predictive value of future 
Introduction
In recent years, flow mediated dilatation (FMD) has become a popular technique in cardiovascular medicine and clinical physiology, as evidence has occurred that depressed FMD is an independent prognostic index of incident and recurrent cardiovascular events which adds predictive value to the established risk factors [1] - [5] .
The FMD measurement has gained a growing interest as several studies indicate that a decreased FMD response predicts arterial disease progression with intimal thickening and increased cardiovascular mortality [6] [7] . Several cardiovascular risk factors have been shown to lead to acute and chronic FMD impairment [6] [8] .
Insulin Resistance (IR) is defined as a disorder of insulin mediated glucose release. Although hyperinsulinemia itself is a marker for IR, it can also be determined using methods such as hyperglycemic-euglycemic clamp technique [9] , intravenous glucose tolerance test [10] and insulin compression test [11] . Since these techniques are complicated and difficult to utilize and there are some difficulties in the daily routine usage and application to wide populations, easier indexes which depend on clinical measurements are improved. HOMA-IR is well correlated with hyperglycemic-euglycemic clamp technique [9] - [12] , which was accepted to determine the insulin sensitivity as a valuable standard [13] . It has been shown that insulin has various vascular benefits, like increasing the nitric oxide (NO) activity, releasing NO synthesis gene expression [14] [15] and causing vasodilatation [16] . As it is known that insulin increases the endothelium dependent dilatation this effect is impaired with the presence of IR.
It is known that endothelial dysfunction has a close relation with hyperglycemia, hypertension, dyslipidemia, fibrinolysis, obesity and insulin resistance (IR), and has a major role in progression of micro-vascular complications [17] - [20] . In this study, we evaluated the association between HOMA-IR (homeostasis model assessment of insulin resistance) and vascular endothelial dysfunction, as assessed by endothelium-dependent flow-mediated dilatation (FMD) and nitroglycerin-mediated dilatation (NMD), in type 2 Diabetic (DM) patients.
Material and Methods

Study Patients
Eighty four (84) consecutive out-patients from the Department of Cardiology and endocrinology were enrolled in this study during the period of May 2013 to January 2014. Ethical committee approval and informed consent from each patient were obtained. Exclusion criteria were the presence of clinically evident micro/macro vascular complications of diabetes, i.e., the clinical or ECG evidence of CAD, past or present episodes of stroke, and/or TIA, clinical evidence of peripheral vascular disease, features suggestive of diabetic retinopathy on fundus examination, presence of overt proteinuria or serum creatinine > 2 mg/dl, clinical evidence of diabetic neuropathy, associated co-morbid illness which is likely to influence the endothelial function like Smoking, alcoholism, hypertension, congestive cardiac failure, liver diseases, chronic infections, renal diseases.
Procedural Protocol
Clinical examination included blood pressure measurement, cardiovascular examination, and body-mass index (BMI) measurement. Biochemical assessment included fasting blood sugar (FBS), post-prandial blood sugar (PPBS) levels and comprehensive lipid profile. Plasma glucose, insulin and lipid estimation were done after an overnight fast of 12 h. Homeostasis model assessment ratio (HOMA-IR) which was calculated as fasting insulin (µU/ml) multiplied by fasting plasma glucose (FPG) (mg/dl) and divided by 405, was used to assess the insulin sensitivity in the subjects without insulin therapy.
Determination of Vascular Function with Ultrasound
The ultrasound method for measuring endothelium dependent and endothelium independent arterial dilatation has been used as described previously. The brachial artery diameter was measured on B-mode ultrasound images, with the use of a 7.5 MHz linear array transducer with image point HX Ultra sound Equipment (iE33 2-D Echo, Philips Ultrasound Bothell, Washington DC, USA). The right brachial artery was studied in all the subjects. Brachial artery endothelial function was studied after the subject had abstained from alcohol, caffeine, and smoking for 8 hours. Scans were obtained with the subject at rest, during reactive hyperaemia and again at rest. The subjects were asked to lie quietly for at least 10 min before the first scan. The brachial artery was scanned in longitudinal section 2 cm above the elbow, the centre of the artery was identified when the clearest picture of the anterior and posterior intimal layers was obtained. The transmit (focus) zone was set to the depth of the near wall, because of the greater difficulty in evaluating the "M" line (the interface between the media and adventitia) of the near wall as compared with that of the far wall. Depth and gain settings were set to optimize images of the interface between the lumen and the arterial wall, and the images were magnified. Settings for operating the machine were not changed during the study.
When a satisfactory transducer position was found, the skin was marked and the arm was kept in the same position throughout the study. A resting scan was obtained. The arterial diameter was measured. Increased flow was then induced by the inflation of a sphygmomanometer cuff placed around the forearm (distal to the scanned part of the artery) to a pressure of 200 mmHg for 5 minutes followed by release. A second scan was performed continuously of 30 seconds, 60 seconds and 120 seconds after deflation of the cuff. The diameter of the artery was measured at the peak of R wave (Corresponding to end diastole).
Flow-mediated dilatation was calculated, and the average result of the three observations was recorded. Flowmediated dilatation results are presented as the percent change diameter post ischemia (d2)-diameter baseline (d1) divided by diameter baseline (d1) multiplied by 100. Severe endothelial dysfunction was defined as FMD < 5.5% [21] as has been described. 15 minutes was allowed for vessel to recovery and then a further resting scan was taken, then sublingual glycerol tri nitrate (GTN-200 mics puff) was administered and 4 minutes after, the last scan was done. ECG was monitored throughout the scans and artery diameter measured at the peak of R wave (corresponding to end diastole). An average of 3 values was taken for each measurement.
Statistical Analysis
Statistical software: The Statistical software namely SAS 9.2, SPSS 15.0, Stata 10.1, MedCalc 9.0.1, Systat 12.0 and R environment ver. 2.11.1 were used.
Statistical Methods: Descriptive and inferential statistical analysis has been carried out in the present study. Results on continuous measurements are presented as mean ± SD (min-max) and results on categorical measurements are presented in number (%). Significance is assessed at 5% level of significance. The following assumptions on data is made: 1) Dependent variables should be normally distributed; 2) Samples drawn from the population should be random cases of the samples should be independent analysis of variance (ANOVA) has been used to find the significance of study parameters between three or more groups of patients , student t test (two tailed, independent) has been used to find the significance of study parameters on continuous scale between two groups (Inter group analysis) on metric parameters. Chi-square/Fisher Exact test has been used to find the significance of study parameters on categorical scale between two or more groups. Multivariate logistic regression analysis was used to predict the FMD < 5.5% and HOMA-IR > 3.0 using different risk factors. P value < 0.05 was considered significant.
Results
In our study Eighty four (84) consecutive out-patients from the department of Cardiology and Endocrinology were enrolled in this study. The clinical characteristics were summarized in Table 1 . Out of 84 patients, 42 patients were in control group and 42 patients were in diabetic group which further sub divided into two groups based on HOMA-IR > 3.0 and more was considered as Group I and HOMA IR < 3.0 was considered as Group II. Fasting Plasma Glucose (mmol/dl) (7.74 ± 2.56, 6.81 ± 1.9, p < 0.001) and Fasting Insulin (µ U/dl) (13.26 ± 8.09, 6.65 ± 2.36, p < 0.001) were statistically significant in Group I. The baseline mean FMD in controls and cases (Group I and Group II) was 15.36 ± 9.56, 4.15 ± 2.29, 12.21 ± 6.24 (p < 0.001), mean NMD was 22.49 ± 11.79, 8.97 ± 4.52, 18.72 ± 8.84 (p < 0.001) respectively. The percentage change at the baseline and the reactive hyperaemia phase, NMD were statistically significant in both the groups (Figure 1) .
By logistic regression analysis ( Table 2 ) the factors which were effective on FMD percentage change (< 5.5%) in Group I were BMI (p < 0.02), plasma Insulin (p < 0.04) and triglycerides (p < 0.02). In Figure 2 there was a negative co-relation for FMD, NMD and HOMA-IR for the cases.
Discussion
In our study the mean age and body mass index of diabetic patients were significantly higher than controls but there was no difference between the 2 groups. There was no statistically significant difference between the cases and controls with other risk factors like hypertension, smoking and dyslipidemia. The fasting insulin levels were significantly higher in hyperglycaemic patients with high HOMA-IR levels than the controls. Among the various factors studied fasting plasma glucose, fasting insulin and triglycerides were significant in a positive manner with FMD in Group I patients, since it was suggested that TG might provide an index for insulin resistance [21] [22] .
There was a negative correlation with impaired FMD and high HOMA-IR. Similar results were observed in a study done by Krabag et al. [23] . These data suggested that poor glycemic control or insulin resistance was associated with the development of endothelial dysfunction in diabetic patients. Impaired FMD of brachial artery which is mainly caused by the loss of endothelium-derived nitric oxide has been established as a relevant marker for endothelial dysfunction. Our study showed that increased HOMA-IR was associated with impaired FMD which is a marker for endothelium injury but not NMD (marker of vascular smooth muscle function). Endothelial functional status is not determined solely by the individual risk factor burden, but rather may be regarded as an integrated index of atherogenic and athero-protective as well as unknown variables.
We conclude that increased HOMA-IR in hyperglycaemic patients is associated with severe endothelial dysfunction which is the marker of the atherosclerosis. Thus the measurement of endothelial vasomotor function which is a comprehensive analysis of atherosclerotic burden may provide a better predictive value of future cardiovascular events than the analysis of each of the traditional risk factors alone.
